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Abstract
Introduction. Carotid endarterectomy (CEA) is a method of treatment of carotid stenosis, which significantly 
reduces the risk of ischemic stroke. This procedure may affect the patient’s neurocognitive functioning. The 
aim of the study was to evaluate the occurrence of neurocognitive disorders and to determine the functional 
status of the patients undergoing CEA.
Material and methods. The study group consisted of 102 people who underwent CEA. Studies were 
performed preoperatively and repeated on the fourth postoperative day. The following scales were used: the 
Mini-Mental State Examination (MMSE), Activities of Daily Living Scale (ADL), Instrumental Activities of Daily 
Living (IADL) and the Hamilton Depression Rating Scale (HAM-D).
Results. The average number of points obtained by patients in the MMSE, both before and after surgery is 
26 points to 30 that may be obtained, which shows a subtle cognitive impairment. Almost every patient showed 
fitness both in terms of basic (ADL), as well as complex (IADL) activities before and after surgery.
Conclusions. Low or average level of cognitive performance is observed in most subjects, both before and 
after CEA. There are many different factors that can affect the cognitive functions. The functional status of 
patients stood without significant changes.
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Introduction
Carotid endarterectomy (CEA) is a method of treat-
ment of carotid stenosis, which significantly reduces the 
risk of ischemic stroke [1–7]. The efficacy and safety 
of CEA in symptomatic patients were randomized 
confirmed two key studies: NASCET (North American 
Symptomatic Carotid Endarterectomy Trial) and ECST 
(European Carotid Surgery Trial) [2, 3]. Treatment of 
asymptomatic patients was based on the studies: ACAS 
(Asymptomatic Carotid Atherosclerosis Study) and 
ACST (Asymptomatic Carotid Surgery Trial) [4, 5]. Se-
lection procedure between endarterectomy and carotid 
artery angioplasty depend on the general patient’s con-
dition, concomitant diseases, anatomical characteristics 
of vessels and morphology, size, structure and surface 
characteristics of atherosclerotic plaque [8].
There are publications which show that the inter-
nal carotid artery stenosis, as well as the operation of 
CEA, worsens cognitive functioning, while others show 
no improvement or any change in this area. They do 
not set clear guidelines for test methods or specific 
neuropsychological test battery for the assessment of 
cognitive functions, which should be used in patients 
with stenosis of the internal carotid artery after surgery 
or CEA [7, 9–11].
Neurocognitive deficits impair the functional status 
and the impact on quality of life [12]. Evaluation of cog-
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nitive and functional state allows to identify groups of 
patients susceptible to changes in this area and allows 
for appropriate therapeutic management.
The aim of the study was to:
1. Evaluate the occurrence of neurocognitive disorders
2. Determine the functional status of the patients 
undergoing CEA.
The resulting posed to the root problem was: are 
neurocognitive disorders occur before and after the 
short-term treatment of carotid endarterectomy and 
do they affect the functional status of the patient?
Material and methods
The study group included 102 patients who were 
hospitalized at the Chair and Department of Vascular 
Surgery and Angiology, Medical University in Lublin and 
underwent CEA. The study was conducted in the period 
from September 2014 to August 2016.
There were treated 40 women (39.22%) and 62 
men (60.78%). Age ranged from 65 to 80 years (mean 
age 67.5 years). Patients were divided into two groups. 
The first group consisted of symptomatic patients — 
29.41% (paresis, paralysis, speech disorders, memory 
disorders, vision disorders), the second group consisted 
of asymptomatic patients (70.59%).
Diseases that could influence cognitive function in 
the study group are hypertension (53.92%) and other 
diseases (37.25%), and a history of stroke (30.39%), 
diabetes (21.57%), less myocardial infarction (14.71%), 
and other cardiac disease (20.59%). There were no 
other neurological diseases and depression. Smoking 
declared 72.55% of respondents. Studied patients in 
100% do not abuse alcohol or other drugs and there 
were no head injuries among them.
Patients were qualified for surgery by a vascular 
surgeon based on the recommendations of the Europe-
an Society for Vascular Surgery. There was conducted 
detailed medical history, assessment of patient’s general 
condition, and the evaluation of the overall anatomical 
features of vessels, the degree of stenosis and the op-
posing status of the internal carotid artery by Doppler 
ultrasound (US). In the preoperative period was not 
performed CT examination of the brain.
Before surgery, each patient was also consulted 
by a neurologist and anesthesiologist. The patient 
was prepared for surgery by premedicated with oral 
midazolam or Hydroxyzinum, in patients with chronic 
hypertension or heart diseases is not interrupted the 
supply of drugs taken on a permanent basis. 
The surgery was performed by an experienced 
vascular surgeon, under local anaesthesia, with shunt-
ing used selectively. Classical method without a patch 
was used the most often. A shunt was selectively used 
if the patient lost contact during test clamping of the 
internal carotid artery (clamping tolerance). None of 
the respondents had intraoperative or postoperative 
neurological events, so there was no need for the 
control of CT in the postoperative period.
Cognitive function was assessed using the Mini 
Mental State Examination (MMSE), which gives the 
opportunity to evaluate orientation in place and time, 
verbal memory, attention, counting, recalling, language 
functions, command execution, writing and visual-spa-
tial analysis. The purpose of the scale is the initial 
assessment of the patient’s condition and determine 
who requires more detailed studies neuropsychological 
tests. Functional status was assessed used Activities 
of Daily Living scale (ADL), Instrumental Activities of 
Daily Living Scale (IADL) and the Hamilton Depression 
Rating Scale (HAM-D). The above-mentioned tests 
were performed preoperatively (on the day preceding 
surgical procedure) and subsequently repeated on the 
fourth postoperative day. None of the patients had 
procedure-related complications. 
To conduct the study there was given a per-
mission by the local Bioethical Commission (No. 
KE-0254/269/2014).
Statistical analysis was performed using STATIS-
TICA software for Windows 12.0 (StatSoft, Poland). 
The following tests were used: the Shapiro-Wilk test, 
the Mann-Whitney U test, the Kruskal-Wallis test, the 
Spearman’s rank correlations, chi-squared test, Wilcox-
on matched-pairs test and logistic regression. The sta-
tistical significance level was set at a P-value of < 0.05. 
Results
The total score achieved by patients in the MMSE 
scale before treatment is presented in Figure 1. The 
largest number of respondents — 52 (50,98%) achieved 
27–30 points and indicate proper cognitive functioning. 
Other people achieved following score: 24–26 points 
— 33 people (32.35%), 19–23 points — 11 people 
(10.78%) and 11–18 points — 6 people (5.88%). The 
result in the range of 21–26 points suggests a slight 
cognitive impairment. The result in the range of 11–20 
points, according to the interpretation of the test, 
moderate cognitive impairment. There was excluded 
deep cognitive impairment because none of the pa-
tients achieved 0–10 points. It must be emphasized 
that the MMSE scale as a screening tool is not the test 
for a certain diagnosis. It only suggests the possibility of 
cognitive impairment and the need for further research. 
The analysis of the particular components of the MMSE 
test revealed that most of the patients obtained almost 
maximal score, with the exception of attention and cal-
culation. The results were similar after the procedure.
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The analysis demonstrated that the level of cognitive 
activity did not change after the CEA, the average num-
ber obtained from patients in the MMSE scale before 
treatment was 26.02 and 26.21 after the treatment 
(Table 1). The percentage of people whose result in-
dicated a cognitive deficit amounted to 49.01% before 
surgery and 40.18% after the procedure.
There were no statistically significant differences 
in the assessment of the level of cognitive activity 
(MMSE) before and after surgery in symptomatic and 
asymptomatic patients. Taking into consideration the 
pre- and postoperative evaluation the improvement 
was observed postoperatively in 45.10% (n = 46) 
of patients, the deterioration in 25.49%  (n = 26) of 
patients and there was no changes in 29.41% (n = 30) 
of them (Fig. 2).
The CEA may result in the slightly more deteriora-
tion of neurocognitive function in asymptomatic patients 
(26.39%) than symptomatic (23.33%) but there is no 
statistical significance.
In this study also verified which demographic var-
iables (gender, age, education, place of residence, 
marital status) differentiate the results obtained by 
MMSE scale. Statistical significance demonstrated only 
two variables: age and education. Worse level of cog-
nitive performance was observed in elderly patients. 
Low level of cognitive performance was more often 
observed in patients with primary education (45.45%) 
than in patients with secondary (17.65%) and university 
education (9.10%) (Table 2).
In assessing the level of independence in performing 
basic (ADL) and complex (IADL) activities of daily liv-
ing before and after surgery, there was no statistically 
significant difference between the two groups. Almost 
all subjects were self-dependent before (97.06%) 
and (96.08%) after the procedure. However, results 
indicate that higher level of complex daily activities 
(IADL) is observed in patients with average or high 
level of cognitive performance preoperatively than in 
patients with low level of cognitive performance and it 
was statistically significant (p = 0.02). This indicates a 
relationship between the level of neurocognitive func-
tion and the level of the patient’s functional capacity in 
terms of IADL.
In order to determine the potential impact of the 
mental state on the level of cognitive and functional 
status, there was performed the evaluation of the 
presence or not of depressive disorders. More intensive 
depressive disorders were observed postoperatively 
and it was statistically significant (p < 0.05) (Table 3). 
Besides, significantly more mood disorders were ob-
served in patients with neurological symptoms both 
before and after surgery.
The model of logistic regression was used to check 
the impact of few factors on the dependent variable and 
results show that old stroke is the factor that predicts 
Figure 1. Scores obtained by the subjects in the MMSE test 
before surgery
Table 1. Assessment of the level of cognitive activity (MMSE) before and after surgery
Testing time Moderate SD Lower quartile Median Upper quartile
Before surgery 26,02 3.30 24,00 27.00 28.00
After treatment 26.21 3.46 25.00 27.00 29.00
Statistical analysis: Z = 1.28; p = 0.20
Figure 2. Distribution of respondents with regard to the 
assessment of changes in the level of cognitive activity after 
surgery
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patients’ neurocognitive, functional and emotional be-
fore and after CEA. A similar effect has atherosclerotic 
disease.
Discussion
Literature proved that postoperative subtle neu-
rocognitive dysfunctions resulting from CEA may ap-
pear in approximately 25% of patients [13–15]. This 
statement is confirmed in the own research. Patients 
obtained 26 points out of 30 possible to achieve in 
MMSE scale, both before and after surgery what indi-
cate a subtle cognitive impairment without dementia 
and suggest the need for further research using more 
professional neuropsychological tests. Studies that 
performed research, using like at work the MMSE test, 
find a variety of results.
Takaiwa et al. [16] demonstrated that neurocogni-
tive function deteriorated in approx. 30% cases week 
after CEA, but has improved after three months and 
was maintained for about a year after surgery. Other 
authors observed improvement in patients 6 months 
after CEA in terms of memory and attention [17]. It 
was found no differences in the assessment of cogni-
tive functions in patients before and after surgery [18]. 
According to Soinne et al. [19] patients obtained lower 
score after CEA, while Capoccia et al. [20] proved an 
increase in the number of points in the re-examination, 
but the difference was statistically not significant, and 
the evaluation was performed in a long period after 
CEA.
The limitation of the comparative analysis of own 
results with the results of other authors is the variety of 
tests chosen for each research. MMSE test study gives 
information about the patients’ global neurocognitive 
performance before and in the early postoperative 
period after endarterectomy. But detailed neuropsy-
chological assessment is only possible using a specific 
battery of tests that examine specific areas of cognitive 
functioning.
A large number of risk factors (hypertension, diabe-
tes, myocardial infarction, other heart disease, stroke, 
smoking) and sociodemographic factors (gender, age, 
occupation, place of residence, marital status, educa-
tion) increase the risk of postoperative complications 
and predispose to cognitive impairment [21, 22]. Taking 
this into account and made an additional analysis that 
demonstrated the relationship between age and edu-
Table 2. The level of cognitive activity and education
Education Level of cognitive performance Generally
Low Moderate High
n n n n
% % % %
University education 1 5 5 11
9.10% 45.45% 45.45% 100.00%
Secondary education 6 17 11 34
17.65% 50.00% 32.35% 100.00%
Vocational education 10 19 6 35
28.57% 54.29% 17.14% 100.00%
Primary education 10 11 1 22
45.45% 50.00% 4.55% 100.00%
Altogether 27 52 23 102
26.47% 50.98% 22.55% 100.00%
Statistical analysis: Chi2 = 13.08; p = 0.04*
Table 3. Assessment of the level of depression (HAM-D) before and after surgery
Testing time Moderate SD Lower quartile Median The upper quar-
tile
Before surgery 6.76 4.23 4.00 7.00 9.0
After treatment 7.40 4.88 4.00 7.00 10.0
Statistical analysis: Z = 4.77; p = 0.000002 *
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cation and cognitive status. Advanced age correlates 
with obtaining a lower score in tests used to evaluate 
neurocognitive disorders [23]. In the literature, as in 
work also demonstrated that the low educational level 
decreases the efficiency of cognitive function [24, 25].
Multifactorial analysis showed that vascular risk 
factors such as hypertension, diabetes, stroke, heart 
attack and other heart disease predict patients’ cog-
nitive performance before and after surgery. In more 
than half of stroke patients are reflected in large-scale 
cognitive dysfunctions [26], which again shows how 
many different factors may cause neurocognitive chang-
es in patients with internal carotid artery stenosis and 
after CEA.
The test results showed no statistically significant 
differences in the assessment of the functional fitness 
of both primary (ADL) and complex (IADL) activities 
of daily living before and after surgery, but there was 
observed the relationship between the level of neu-
rocognitive performance and level of complex daily 
activities IADL. The higher level of neurocognitive 
performance, the greater efficiency in complex activities 
of daily living. Analyzing these results, it can be assumed 
that people with low level of neurocognitive activity 
are more likely to become not self-reliant and require 
care than a group of people with high level of neuro-
cognitive activity. The literature provides varied data. 
Research performed by McGuire et al. [27] concluded 
that cognitive performance does not prognosticate 
ADL activities, but affect IADL activities. According to 
other authors [28] patients were less self-dependent 
in terms of basic daily activities six months after carot-
id endarterectomy, but their quality of life improved 
significantly. The study of Landgraff et al. [29] showed 
no evidence of deterioration in complex daily activities 
examined by IADL scale.
Depressive disorders significantly faster affect 
cognitive deterioration [30] Therefore, for a full eval-
uation of the functional status, there was also made 
an assessment of patients’ emotional state using Ham-
ilton Depression Rating Scale. Analysis of the results 
revealed more intensified depressive disorders after 
treatment and increased incidence of these disorders 
in symptomatic patients. There is known evidence of 
the relationship between depression and stroke [31], 
what explains the fact of worse mental functioning 
symptomatic patients. Depression correlates with the 
deterioration of certain areas of cognitive functioning. 
In addition, the co-occurrence of mood disorders in 
patients with carotid atherosclerosis has a negative 
effect on treatment outcomes, functional status and 
decreased quality of life [32].
In conclusion it should be noted that the problem of 
cognitive disorders in the early period after surgery CEA 
is difficult issue to research. The variety of diagnostic 
tools provides problematic interpretation and make 
difficult to compare reported results with own data, 
but each of this study signals a potential disturbances 
and allow further evaluation.
Conclusions
Low or average level of cognitive performance is 
observed in most subjects, both before and after CEA 
but there are so many different factors that can affect 
the cognitive functions that it is difficult to determine 
the impact of only the procedure itself. 
There are no significant differences in the functional 
fitness of subjects with internal carotid artery stenosis in 
the pre- and postoperative period. Almost all subjects 
were self-dependent in terms of basic and complex 
daily activities.
There is a relationship between the level of neu-
rocognitive performance and level of complex daily 
activities in the pre- and postoperative period.
There is a need to perform further studies using 
specialized testing, but it is not easy to carry out them 
in the hospital. Assessment of neurocognitive disorders 
and the functional status of patients after CEA gives 
you the ability to monitor benefits accruing from the 
operation.
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